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EXECUTIVE SUMMARY

This report documents the Federal Aviation Administration (FAA) Technical
Center's Cessna 172 (C-172) Fixed Wing Microwave Landing Svstem (MLS) Terminal
Instrument Procedures (TERPS) approach data collection and processing project.
This is one portion of the Technical Center's MLS TERPS data collection
program. As the implementation of MLS approaches, the application of
Instrument Landing System (ILS) TERPS criteria to MLS guided procedures has
become inadequate due to MLS's more extensive guidance capabilities. The
Technical Center's Engineering Division, ACT-100, was tasked by the Standards
Development Branch, AVN-210, Aviation Standards National Field Office, through
the Navigation And Landing Division, APM-400, with collecting and processing
MLS TERPS flight test data in a Cessna-172 general aviation aircraft. AVN-210
will use the data collected during this project, and additional projects being
conducted in various aircraft by the Technical Center and other organizations,
to develop MLS TERPS criteria.

During this flight test series, various approach and departure procedures were
flown in a leased C-172 to and from runway 13/31 at the Atlantic City
International Airport (ACY). The departure procedures flown will be the
subject of another report. A Bendix Basic Narrow MLS was used, along with a
Bendix MLS receiver. Approach angles of 3°, 4°, and 5° were used for both
missed approaches and landings. Sixteen general aviation subject pilots
completed all or part of the flight test series. All flights had aircraft
parameters recorded by an on-board data collection system, and were tracked
throughout by ground based tracking systems.

The airborne and tracking data from each flight were checked for validity,
merged, smoothed, and gaps in the data were filled bv either linear
interpolation or a least-squares quadratic polynomial curve fitting routine.
The data were partitioned into bins and statistical calculations were
performed. Plan, profile, composite, isoprobability, and scatter plots were
drawn. The processed data were delivered to AVN-210 for inclusion in the MLS
TERPS c¢riteria development data base.
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INTRODUCTION

BACKGROUND AND OBJECTIVES.

As the Iimplementation of the Microwave Landing System (MLS) approaches, the
application of Instrument Landing System (ILS) Terminal Instrument Procedures
(TERPS) criteria to MLS guided approaches and departures has become inadequate
due to MLS's more extensive guidance capabilities. The Federal Aviation
Administration (FAA) Technical Center's Engineering Division, ACT-100, was
tasked by the Standards Development Branch, AVN-210, Aviation Standards
National Field Office, through the Navigation And Landing Division, APM-400,
with collecting and processing MLS TERPS flight test data in a Cessna-172
(C-172) general aviation aircraft. AVN-210 will use the data collected during
this project, and other projects being conducted in various aircraft by the
Technical Center and other organizations, to develop an MLS TERPS criteria data
base.

SYSTEM/EQUIPMENT DESCRIPTION

MLS AND PRECISION DISTANCE MEASURING EQUIPMENT.

ry

PR
Pl

The "Basic Narrow" MLS used for this project was developed for the FAA by the
Communications Division of the Bendix Corporation. It consists of azimuth and
elevation subsystems in a noncollocated configuration. It provides
proportional guidance through +40° of azimuth and 0° to 15° in elevation in the
Phase IIIl signal format. An International Civilian Aviation Organization
(1CAD) signal format MLS could not be procured in time for this phase of the

AN
v r %
LA s

Co¥e
i

gh; project. Because a Precision Distance Measuring Equipment (DME/P)

NG ground station was not available for this flight test series, the airport
o Convent ional Distance Measuring Equipment (DME/N) ground station was used
- g Equip

-

instead. This did not present a problem procedurally because the airport DME
ground station is located next to runway 13/31, approximately | mile from the

- azimuth DME location. i
'
E’:’.- TEST AIRCRAFT.
o
- The test aircraft was a leased Cessna-172P. This 1s a representative small
general aviation (GA) aircraft, with a gross weight of approximately 2,400
:: pounds, a cruising speed of 110 knots, and approach speeds in the range of 70 {
~ to 90 knots. The aircraft's avionics were standard, except for the addition of )
03 a Bendix MLS Service Test Evaluation Program (STEP) receiver and contro! head. )
Yt )
Yo AIRBORNE DATA COLLECTION EQUIPMENT. )
.:i: The airborne data collection system (figure 1) was designed and fabricated bhv ]
- ACT-140. 1t was controlled by a Motorola 6809 microprocessor and an ACT-140 .
o designed Aircraft Systems Coupler (ASC) retrieved analog and digital aircraft
?; sensor data, along with time code generator data, and formatted it in 8-bit
NG parallel form for processing by the computer. The data were recorded on a :
digital cassette tape recorder twice per second. A Collins DME-40 interrogator
4

was used to provide DME information to the data collection svstem (the GA DME
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interrogator installed in the instrument panel was not
outputs). The parameters collected are listed in table

e?uipped with recordable

TABLE 1. AIRBORNE DATA COLLECTION PARAMETERS

Parameter Units Resolution

T ime Hours, minutes,seconds, 0.1 sec
1/10 second
Vertical deviation (flight Crosspointer deviation 0.5 mV
technical error (FTE)) in millivolts (mV)

Lateral deviation (FTE) Crosspointer deviation (mV) 0.5 mv
MLS azimuth Degrees 0.005°
MLS elevation Degrees 0.005°
DME Nautical miles (nmi) 0.0l nmi

AIRCRAFT TRACKING EQUIPMENT.

In order to assure continuous tracking of the aircraft during all maneuvers,
two different tracking systems were used: NIKE radar and a laser tracker.

The Technical Center's NIKE radar is a precision X-band instrumentation radar

system that was adapted from a missile tracking radar to measure and record an
aircraft's position In slant range and azimuth and elevation angles. NIKE has
a maximum range of 200 nmi.

The pulsed infrared laser tracker is positioned approximately 0.5 mile north of
runway 13/31. A mirrored retroreflector was mounted below the cockpit of the
aircraft to return the laser beam. Slant range and azimuth and elevation
angles were recorded as for NIKE. The laser tracker generallv provided the
more accurate tracking data at distances of 5 nmi or less from the ground point
of intercept (GPI), and at these distances is preferred to NIKE data. Parallax
corrections for MLS antenna and retroreflector locations were not made because
of their relatively close proximity.

TEST LOCATION.

All procedure development and data collection flights were flown to and from
runway 13/31 at the Atlantic City International Airport (ACY), which is located
on the grounds of the FAA Technical Center, Egg Harbor Township, New Jersev.

PROCEDURE DEVELOPMENT AND EVALUATION

The procedures for this flight test series were developed hv Mr. Theos
McKinney, ACT-630, FAA Technical Center, and personnel from the Standards
Development Branch, AVN-210, located at the FAA Aeronautical Center, Okliahoma
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City, OK. AVN-210 personnel were at the Technical Center during the procedure
evaluation flights., The procedure evaluation flights were flown by Technical
Center pilots to and from runway 13/31. Approach angles up to 6° were flown
before the final determinations were made. After considering a number of
factors including safety and approaches during tailwinds, it was determined
that the maximum operational elevation angle (MOEA) would be 5°. Since the
shallowest approach angle would be 3°, it was obvious that the midpoint
elevation angle should be 4°. At the same time, two departure procedures where
evaluated. They will be discussed in the C-172 "Departures Data Report."
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OPERATIONAL PROCEDURES

v

SUBJECT PILOT SELECTION.

LN
r .

.
3

The subject pilots for this flight test program were taken from the ranks of
general aviation pilots. 1In all, !4 subject pilots were used. All pilots were
instrument rated, and had no previous experience flying MLS procedures.

- .

SUBJECT PILOT BRIEFING. iy
i
When a subject pilot arrived at the Technical Center, he received a thorough ;i
briefing bv one of the project safety pilots. Included in the briefing was an f
explanation of the operation of MLS, a review of aircraft operating procedures, ]
and a review of the procedures to be flown. A sample of the information packet L
sent to each subject is in appendix A. s
DATA COLLECTION FLIGHTS. :i
In addition to the subject and safety pilots, each flight had a data collection o
technician onboard. The data collection technician operated the data -}:
collection system, monitored all project equipment, and recorded event mark e
times and other observations on a flight log (see appendix B). The project
safety pilot handled all communication with air traffic control! (ATC) and the

tracking facilities, monitored the subject pilot for safe operation of the
aircraft, and operated the vision restricting goggles.

Instead of conventional vision restricting goggles or a hood, an electronicallv
controlled set of instrument meteorological condition (IMC) simulation goggles
were used. These goggles have the ability of simulating runway visual ranee
(RVR) of 0 to | mile. They can also be instantlv cleared to simulate breaking
ou. of clouds. The goggles have a sensing switch that allows a portion of the
goggles to be clear while the subject pilot is looking at the instruments, but
causes the goggles to completely fog over if the subject lifts his head to look
nut of the cockpit. Since the goggles were operated bv the safetv pilot, the
chances of cheating were reduced, and a more natural flight environment was
prtesented. Therefore, the subject pilot was able to concentrate on flviag the
aircraft and not have to worry about removing a hood at decision height (DH).
During an approach, the visibilitv was set to zero. When the subject piloat
reached DH, the safetv pilat simply cleared the glasses for a landing nr kept
them fopged for 4 missed approach. This was important, since the subject piioat
4id not know if the procedure would terminate in a larding or a missed approach
unt il reaching DH.
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Each subject pilot flew 16 approaches. Twelve resulted in missed approaches,
and four were flown to landing. In addition, four departures were flown and
will be discussed in the C-172 Departures Data Report. The sequence of runs is

listed in table 2.

TABLE 2. SEQUENCE OF APPROACHES AND DEPARTURES

Session | Session 3
1. Shuttle departure 1l. Course reversal departure
2. 3° Missed approach 12. 5° Missed approach
3. 4° Missed approach 13. 3° Missed approach
4, 5° Missed approach 14, 4° Missed approach
5. 3° Landing 15. 4° Landing

Session 2 Session 4
6. Shuttle departure 16. Shuttle departure
7. 4° Missed approach 17. 3° Missed approach
8. 5° Missed approach 18. &4° Missed approach
9. 3° Missed approach 19. 5° Missed approach
10. 5° Landing 20. 3° Landing

DATA PROCESSING

FLIGHT TEST DATA.

Flight Test data came from four sources: an airborne data tape, a NIKE tracking
tape, a laser tracking tape, and observer flight logs. The airborne tape
contained the aircraft parameters collected onboard the aircraft during the
data collection flights (table 1). The NIKE and laser tracking tapes contained
tracking data that had been converted from slant range, azimuth, and elevation
to X, v, and z «coordinates using the Technical Center coordinate svstem.
During processing the origin of the tracking data was translated to the
appropriate GPI for each glide slope angle. The observer flight logs contained
the times for specific events during the procedures and anv other pertinent
informat ion about the flight.

SUBJECT PILOT QUESTIONNAIRE.

At the conclusion of the fourth flight session, the subject pilot was z2iven a
questionnaire to fill out (see appendix C). These questionnaires asked the
pilot his opinions on the flyabilitvy of each procedure. The completed
questionnaires were forwarded to AVN-210 for tabulatinon and analvsis.

PLAN AND PROFILE VALIDITY PLOTS.

For each approach, plan and profile view validity plots were geaerated fsee
appendix D). These plots depict vertical and lateral aircraft position and the
corresponding azimuth and elevation crosspointer deviations, with respect to
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the (atended path. The plots determined which runs contained valid data. Runs
that had »ad ‘racking lata were incoarrectiv flown due to ATC instructions, or
were 1avil:i for stner reasoans, were e.iminated from the statistics pool. The
tot 1 aamber of rans Clown o and the numher that were usable are shown in

tah e ‘

TARLE 3. LIST OF I"SARLE RUNS

Total Numbher of Pilots: 16
Total Number O>f Approaches: 258
Number of Missed Approaches and Landings

Providing Usable Data: 201

Number of Missed Approaches Providing Usable Data:

3° Missed Approaches: 49
4° Missed Approaches: 51
5° Missed Approaches: 592
Total 152
Number of Landings Providing "sable Data:
3 Landings: 23
4° Landings: 13
5° Landings: 13
Total 49

MERGE.

In order to process data that came from three different sources, it was
necessarv to merge the data from the airborne, NIKE, and laser tapes into one
file. When recorded, each record on each tape had been tagged with
svnchronized time. Thus, it was possible to merge the data from the three
fifferent tapes into one data file. The time on the airborne tape was
cansidered the "master,'" and the data from the tracking tapes were aligned with
the data from the airborne tape. A mode flag was created for each merged data
filo th indicate which tracking data sets were valid. Tracking data were
considered invalid only if there were no data with the proper time tag.

FILL.

Crasionallv, zaps were present in hoth the airborne and tracking data. To

nravide as continaoas a string of data as possible, twe methods were used to
Cloa taese 2ans. 1Y the 2ap consisted of onlv one missing record, linear
Snternalal s was ased to caloalate the missing Jdata.  If the gap was between

2oani 1% reoords lonz. oa least-sguares guadriatic polvnomial curve fitting
Toort i WS e TE o swe 2an was zreater than 20 records, the gap was too loneg
Tor e Trlians roatrnes amd wis feft 0 the {at g base.
DM T TN
v o e e i e R e ws frse wveredd i some v the
Srovr ot omlts. o narts coarie the aarvigat.on swstem error plots. The
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plots were extremelv noisv, having cyclical spikes with peak to peik values f

30 feet or more. After extensive investigation, the problem was traced to the
conversion of MLS azimuth, elevation, and DME to the x,v,z c¢onordinates needed
for certaln statistical processing. The algorithms ased during ¢ooriinate

conversion were designed to use DME/P data with a resolution of 7.01 ami.
However, onlv DME/N data, which has a resnlution of 0.1 nmi, were availahle
during the flight tests, so smoothing of the DME/N data was necessarv. The
DME/N data were put through a 4l-point smoothing filter, and the resultinz Jata
were truncated to 0.0l nmi. This smoothed data was used for all statistical
processing where DME/P data were needed, and produced results similar to those
seen in previous tests using DME/P data.

DATA PARTITIONING.

4“ f,'f oL, '.-,’-'(\’q'y'n "\"w"‘il".-. ’\’ s "' "'.f- f."' 7, f.\.f\-l' -, -~d' -\J‘_\.J‘.‘q’\- -',;-“.-‘

In order to compute the required statistics, it was necessarv to partition, or
bin, the data horizontally (perpendicular to the intended flightpath), and
vertically (parallel to the ground). For horizontal bins, the first Sin (hin
zero) is located along the system x-axis (runwav centerline) at the point where
a line dropped from the theoretical threshold crossing height (TCH), which is
50 feet above ground level (AGL), intersects the x-axis. Fach subsequent »in
was located at S0-meter intervals, with positive bins lncated on the approa.h
side of bin zero and negative bins located on the landing, or missed approach
side of bin zero. Additional bins were located at the following points:

l. Intermediate Approach Fix

2. Final Approach Fix

3. Missed Approach Point (DH)

4. Missed Approach Boundary

Vertical nartitions were established for missed approach segments. The

vertical bins were located at 10-meter intervals AGL while below DH
(200 feet), and at 25-meter intervals AGL above DH to 2000 feet AGL.

STATISTICS.

Statistical calculations were performed sn the data in each bin. The
parameters calculated are In table 4.

TABLE 4. STANDARD STATISTICS

Parameter Notation
Number of data points N
Arithmetic mean <
Méx%mum value Xmax
Minimum value ‘ Xnin
Unbilased estimate of variinoe Siy-
Biased estimate of variance Sh-
Unbiased estimate of standari dewviat. n 3,
Biased estimate of standari leviatian Sy,
Skewness b
Kurtosis ha
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TABLE 5. STANDARD STATISTICS EQUATIONS
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Arithmetic Mean (first moment about zero): X =M} = IX
N
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Second Moment About Zero: Mz = px2

N
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Third Moment About Zero: M3 = gX3

N
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Fourth Moment About Zero: M, = gX4
N
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Biased Estimate of Variance: SpZ = My - M2
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Inbiased Estimate of Variance: S,2 = (Sp2)N
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TABLE 6. PARAMETERS FOR STATISTICAL CALCULATIONS:
INTERMEDIATE AND FINAL APPROACH SEGMENTS

o Ay Ay

AN

A

Parameters for Statistics Intermediate Final
Crosstrack Position (feet) Yes Yes
Altitude (feet) Yes Yes
Azimuth TSE (degrees) Yes Yes
Azimuth TSE (feet) Yes Yes
Azimuth FTE (degrees) Yes Yes
Azimuth FTE (feet) Yes Yes
Azimuth FTE (% full scale) Yes Yes
Azimuth NSE (degrees) Yes Yes
Azimuth NSE (feet) Yes Yes
Elevation TSE (degrees) - Yes
Elevation TSE (feet) - Yes
Elevation FTE (degrees) - Yes
Elevation FTE (feet) - Yes
Elevation FTE (% full scale) - Yes
Elevation NSE (degrees) - Yes
Elevation NSE (feet) - Yes

TSE = Total System Error
FTE Flight Technical Error
NSE = Navigation System Error
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TABLE 7. PARAMETERS FOR STATISTICAL CALCULATIONS:
MISSED APPROACH SEGMENT; LONGITUDINAL BINS

Crosstrack position (feet)

T W
—

2. Altitude (feet)

v

TABLE 8. PARAMETERS FOR STATISTICAL CALCULATIONS:
MISSED APPROACH SEGMENT; VERTICAL BINS

1 1. Along track position (feet)

2. Altitude (feet)

TABLE 9. PARAMETERS FOR STATISTICAL CALCULATIONS:
MISSED APPROACH SEGMENT; MINIMA ANALYSIS

Py ‘f’i,a

.
Ps

1]
P

1. Altitude at DH (feet)

v-

2. Along-track deviation at DH (feet)

3

s,

3. Crosstrack deviation at DH (feet)

)
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4. Along-track deviation at lowest altitude (feet)

. -

5. Crosstrack deviation at lowest altitude (feet)

Lowest altitude (feet)
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7. Height loss (feet)
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NFORMATION

Name

Howme Address

City

State Zip

Employer

Position

Date of Birth

Soclial Security liumber

Home Phone

Work Phone

Instrument,

etc.

: Flying Affili{ations:
b
S 3
i
FAA Ratings (Private,
L
p
) Total Flight Hours:
2
4 Total Cessena-172 uours:
Hooded IR Hours:
i Actual IFR Hours:

Other Civilian and Military Flying Experience:
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MLS Steep Angle Approaches for TZRPS, 70603

T WRS S

~ Spomsor: FAA lavigation and lLanding Branch, APM-410

:_' b g ’

-~

N donitor: TAA Standards Development Branch, aviation Standards Jational Field

Office, AVII-210

Objective:

v v e »

MMM, ¥

v

Yo provide flight data sultable for procedures specialists to develop criteria
for MLS guided approaches and departures for general aviation aircraft. This
data will be used to update Terminal Instrument Procedures (TIRPS) for fixed
wing aircraft.

»
>

Cperational Areas Include

NS N ¥

1 MLS Precision Approaches

2. llormal and Steep (3°, 4%, 5%°) Approach Gradients
3

4

Height Loss at Missed Approach Point
MLS Azimuth Departures

WA
]

LN S
r
3]
o)

1ical Issues

v

Pilot Workload
. Adrcraft Performance Limitations

9
to e

Location

Federal Aviation Administration Technical Center
Atlantic City Aflrport, IJ 08435

L 4 N

Project Contracts

vy v ¥ ¥ ¥V
RPN s

1. Edward Pugacz, Project Manager
MLS rixed Wing TIRPS TFlight Tests, ACT-140
(h09) 434-5707, FTS 482-5707

B

-

e

[ 9]

o,

Ken Johnson, Subject Pilot Scheduling
(609) 4334-64h7, FIS 432-6467
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Attachment #1

VOLUNTARY FAA EMPLOYECR

In order to cover our legal obligation to you during your participation in
this project, a request for personnel action will be filled out for you using
the information you supply on the subject pilot personal information
questionnaire. This will make you a WITHOUT COMPEHSATION VOLUNTLLR EMPLOYEE
with the Guidance and Alrborne Systems Branch, ACT-140, FAA Technical Center,
Atlantic City Adrport, NJ, without compensation during the term of your
involvement in this project, approximately 3 days.

Employee Status

A WITIOUT COMPENSATION VOLUNWTCEZR EMPLOYEE is HOT a Federal Employee for any
purposes other than injury compensation or laws related to the Tort claims
Act, Service is NOT creditable for leave accural or any other employee
benefits. However, travel orders will be issued to you, and thereby provide a
method to reimburse you for travel expenses as described in attachment #2.

Volunteer Employee Duties

During your involvement in this project, you will perform the duties of pilot
of a Cessna~172 aircraft, including preflight planning, aircraft control,
navigation, and communication. You will be assigned to perform the technical
inflight evaluation of various guidance and airborne systems. You will
normally be assigned to work between the hours of 8:00 a.m. and 4:30 p.m. You
will be the pilot of the aircraft, however, the project safety pilot will be
pilot-in-command AT ALL TIMES.

Qualifications

Tou will be required to meet the following minimum qualifications to
participate in this project:

1. lUold a valid FAA Pilot Certificate with an Instrument Rating.
2. Hold a valid FAA Medical Certificate.
3. Meet the recent flight experience requirements of FAR 61.57.

Termination

Upon the completion of the assignment, your voluntary employment will be
terminated, with no further obligation to either party.
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TTACIRIENT #2

TRAVEL EIPLISCS

You will be reimbursed for normal travel expenses incurred while participating
in this project. A U.S. Govermment travel voucher, Standard Form 1012, has
been provided for you to record expenses and submit upon the completion of
your participation in the program. The following is a list of important
information to keep in mind while on government reimbursed travel.

1.

2.

llileage for actual miles driven in your own car is reinbursed at 20.5¢ per
nile.

Adr travel fif necessary) should be via coach class, and at a discount or
excursion fare, if available.

By Federal Law, the MAXTMUIl ALLOVABLE AMOUNT you can be reimbursed for
lodging and meals during any one day is $126.00. Of that anount, $33.00
is a flat reinbursement for meals and incidental expenses, except for the
first day of travel, which is limited to $16.50. The remainder, $93.00,
is a maxinmum amount reinmbursable for lodging. All other reasonable

expenses (car rental, airline tickets, tolls, etc.) are reimbursed at full
rate.

All receipts for airline tickets, lodging, taxis, and tolls nust be
remitted with your travel voucher. Receipts for neals are not required.

Upon completion of the form, mail to the following address in the postage
paid envelope provided for your convenience.

&y s s

Edward Pugacz
FAA Technical Center
ACT-140
Atlantic City Adrport, NJ 08405
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DIRECTIONS TO ATLANTIS HOTEL/CASINO

K
v
X
N}

Take the Atlantic City Expressway to the end. Turn right onto Atlantic
Avenue.

Proceed several blocks south to Florida Avenue. Turn left,

Proceed to the end of the street. (telephone (609) 441-2888).
DIRECTIONS TO THE PIER 4 HOTEL

Take the Atlantic City Expressway to the Garden State Parkway south. Get off.
on exit 30.

When you leave the toll booth proceed straight ahead on highway 52 towards
Ocean City. Cross route 9 and proceed to the traffic circle.

Bear right at the circle and exit right onto the first road (before passing the
Circle Liquor Store).

The Pier 4 is ahead and to your left behind the Crab Trap restaurant.
(telephone (609) 927-9141).

DIRECTIONS TO THE COMFORT INN AND DAYS INN

Take the Atlantic City Expressway to the Garden State Parkway south. Bear
right on the parkway 1/4 mile to exit 37.

From exit 37 turn left onto Washington Avenue. Proceed to the traffic light
and turn right. This is Fire Road.

For Comfort Inn: Proceed on Fire Road to the first traffic light and turn left
onto route 40 east. Continue on route 40, approximately 1/2 mile. The Comfort
Inn will be on your right (telephone 609-646-8880).

For the Days Inn: Proceed on Fire Road past the first traffic light (route 40)
until just short of the second traffic light. The entrance to the Days Inn
will be on the right, just before the Mobil station (telephone 609-641-4500),
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E DIRECTIONS TO THE TECHNICAL CENTER FROM THE N
v GARDEN STATE PARKWAY AND ATLANTIC CITY EXPRESSWAY N
’ 3
e -
If travelling on the Garden State parkway, use exit 38 west/to Philadelphia. r

Take the Atlantic City Expressway to exit 9. This exit has a mechanical toll
taker that takes exact change only (25 centsd).

If travelling from Atlantic City, turn right, if travelling from Philadelphia,
turn left, and proceed over the bridge to the traffic circle.

Exit the circle on the third road. This is a divided highway with an Atlantic
City Airport/FAA Technical Center sign.

The main gate is straight ahead.

At the main gate indicate you have an appointment with John Ryan, ACT-630,
Flight Operations Building (Hangar). Parking is across the road from the
hangar.

Once at the hangar, proceed across the hangar floor to the elevator. We are on
the second floor, room 207.

DIRECTIONS TO THE TECHNICAL CENTER FROM PIER 4 HOTEL

Go around circle and proceed on highway 52 west to the Garden State Parkway.
Take the parkway north to exit 38 (Atlantic City Expressway).

P

2

Follow Parkway/Expressway directions above,

(1."! ',

DIRECTIONS TO THE TECHNICAL CENTER FROM THE COMFORT INN AND DAYS INN

A Al

From Comfort Inn: Turn left onto route 40 west. Proceed to the second traffic
light (at the Sears Shopping Center),

AT UA

Continue to the traffic circle, and exit on the second road (between the Sunoco i
and Mobil stations). This is Tilton Road. .

LA L 4 A A GRS B SR A A A A ‘wm-ﬁm"\'m‘&‘-'{‘\m“

Proceed on Tilton Road and over the bridge to the traffic circle.

Exit on the second road (divided 4 lane highway) and proceed straight ahead to
the main gate. Follow the last two Parkway/Expressway directions above.

T Tremw v ¥V

' From the Days Inn: Turn right onto Tilton Road (highway 563), and proceed to :;
the traffic light (at the Sears Shopping Center). This is the second traffic Kt
light from the Comfort Inn. From this point, follow directions from the i
Comfort Inn,
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MLS SHUTTLE DEPARTURE(PILQOT NAV)
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ATLANTIC TITY(ACY)
ATLANTIC CITY, NEW JERSEY

ATLANTC CITY APP CON
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altitude or continue climb to assigned altitude.
At the S.0 POME turn left to a heading of 83°
and intercept the ppg? Azimuth outbound, at the

8.3 PCME hold as depicted or proceed fnbound on
the 00° Azimuth as directed by ATC.
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3000
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JAKE-OFF RUNWAY 13: Depart runway heading 128°
and track outbound on the 1-ACY 00° Azimuth, climb
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TAKE-OFF RUNWAY 13: Depart runway heading 128° N
and track outbound on the M-ACY 00° Azimuth, climb :"'
to 1500 feet or as assigned. At the 6.5 POME turn 5
0
_ left 80", upon completing the turn, turn right 260°)
.
y to intercept the 00° Azimuth and track inbound. P:
: At no time during the manuever exceed the R14° ,-:"j
; Azimuth or the 9.0' POME, adjust turn rate as )
necessary, p
)
O
' Note: Manuever Airspeed 90 knots; RS
b Migimum Turn Bank Angle is -y
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Pilot Questionnaire

Steep Angle Approach
Date EL Angle_
Pilor— " Wind N/v_°

———

A1l questions relate to IMC MLS operational performance.

1. Was the EL angle:

Too shallow ' About Right Too steep
1 2 3 4 5 6 7
2. Could the EL angle be steeper? |_| yes |_|{ no

3. Indicate the difficulty experienced in intercepting and maintaining
the glide path angle.

Very easy About Right Very difficult
1 2 3 4 5 6 7

4. Indicate the difficulty experienced in keeping the AZ needle centered in
relation to the EL angle being used.

Very easy About Right Very difficult
1 2 3 4 5 6 7

5. Indicate your assessment of the stabilized power setting relative to

operational procedures.

Too low About Right Too High
1 2 3 4 5 6 7
L 6. Compare the difficulty of visual transition and landing from a
; - angle to a normal 3 degree ILS:
ol
o
o Much less Same Much More
o 1 2 3 4 5 6 7
e
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7. (Compare the workload of a GS to a normal 3 degree ILS. X
.':s.
Much Less Same Much More 3
1 2 3 4 5 6 7 oo
W
8. Was the GS intercept distance from DH 2
Too Short About Right Too Long f;
1 2 3 4 5 6 7 -]
’
9. What is your recommendation for the maximum allowable rate of descent: s

'

fpm. :

pm ﬁ:
10. What is your recommendation for a minimum at DH? ;:
Y

|1 100 |_} 150  |Zf 200  |_1 250  |_l 300 |_| Other

11. Was this DH satisfactory for the execution of a missed approach?

. .
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PILOT QUESTIONNAIRE

MLS DEPARTURE

Date__ ' Wind D/V___
Pilot

1. What degree of difficulty did you have maintaining the specified AZ course?

2 3 4 5 6
2. MWas the difficulty based on

Easy None Very Difficult
1 : 7

I_1 Workload?
1”1 Sensitivity of the AZ course?

"1 Other?  What nature

J. Comments:
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PILOT QUESTIONNAIRE

MLS SHUTTLE PATTERNS

Date ' Wind O/V_

Pilot

Were the PDME fix distances?

Too close together . About right Too far apart
1 2 3 4 5 6 7

Was the distance bhetween the two AZ courses sufficient to execute the turns?

Too close About right . Too far apart
1 2 3 4 5 6 7

Was the workload?

Very low ' About right Too much
1 2 3 4 5 6 7

How would you compare the shuttle pattern to a conventional holding pattern?

Much easier Same Much more difficult
1 2 3 4 5 6 7
Comments: .
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PILOT QUESTIONNAIRE

MLS COURSE REVERSALS
Date_ Wind D/V

Pilot

- i -

WMere the A7 courses used for containment?

Too close , About right Too far apart
1 2 3 4 5 6 7

Were the PDME fixes used?
Too close About right Too far apart
1 2 3 4 5 6 7

Was it helpful to provide the maximum PDME distances for containment?

I_1 Yes I_| No

Was the specified heading sufficient to intercept the AZ course defined for
the course reversal?

I_ 1 Yes 1”1 No

Was the approach course capture from th€ turn reversal acceptable?

171 Yes 1”1 No

llow did the test turn reversals compare to a "conventional" procedure turn?

‘Easier . " Same More difficult
1 2 3 4 5 6 7
fomment _.
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=172
COMPCSTITE

DATA FILE

CEGREE MLS APPRCACH

CU2:CFCIFALCSL

CECISION HEIGHT
STANCARD STATISTICS SUMMARY

200 FT

LONGITUCINAL SINS FOR FINAL APPROACH SEGMENT

!

ELEVATION TOTAL SYSTEM ERROR (FT)

DATA COLLECTEC ANLC PROCESSEC AT:
THE FAA TECHNICAL CENTER

ATLANTIC CITY AIRPCRT, NJ (8405

FEET FROM
THETA
; 26713.59

POINTS MEAN STANDARD  SKEWNESS KURTOSIS BIN #
DEVIATION
70. -85.065 76.753 <2.998 17.970 276
2658682 70. -8C.225 75.231 -3.107 18.900 275
26423.00 70. =74.147 73.299 -3.299 20.283 274
26259.18 70. -68.71C 71.477 =3.457 21.517 273
26095.36 70. -62.988 70.084 -3.58C 22.506 272
25931.55 70. -58.284 69.045 =3.711 23.626 271
35767.73 70- =53.512 68.780 =3.707 33.628 276G
25603.91 70. =49.054 68.076 =3.697 23.881 269
25440.10 70. ~%4.6642 §7.819 ~3.688 24.362 268
75¢76.28 70. <%U.72¢ TT. 587 =3.521 —2%.751T 267
I5112.40 7C. =37.139 66.812 -3.524 7¢.432 266
24948.64 70. =33.93% 66.642 =347 24.609 265
: 74784.83 70. =37.44C €5.445 =3.3%7 74.630 264
: TTTZeE2T.0T T 70! =25 4 4% £L.552 =3.370 —I8.706 263
26457.19 71. -27.65C €2.5641 -3.384 25.093 262
T5793.38 70- =I7.64< cT.TTT =373 YT
E-1
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T.‘r?.".‘-"'_‘ ST IMIF TR E]

p

} C-17¢ 3 CEGREZ MLS APPRCACH
N COMPOSITE DATA FILE DU2:CFC3FALCSL
CECISION HMEIGHT 200 FT
STANCARD STATISTICS SUMMARY

~
L

v
&

LONGIYUDINAL BINS FOR FINAL APPROACH SEGMENT

ELEVATION TOTAL SYSTEM ERRCR (FT)

CATA COLLECTED ANC PROCESSED AT:
THE FAR TECHNICAL CENTER
ATLANTIC CITY AIRPORT, NJ 08405

FEET FROMW  POINTS WEAN STANDARD ~ SKEWNESS KURTOSIS  BIN #
THETA DEVIATION
Te729.56 70. =27.39¢ 60.119 =3.203 23.274 260
73565.74 1. ~26.585 58.124 -3.265 23.456 259
T3307.92 71, =25.695 56.649 =3.279 72.652 258
Z353BLTT TS =26-T35 —5%.3%5 =3.T52 85T 357
{ Y3 1YL TT3) 7T =75.48¢ 5%.767 =3.0¢1 20.510 256
Z33T0.47 TT1e =24.487 L YRA XA -2.764 18.484% 255
C3T40.45 AR =~d5e867 Shadil 'Z.ﬁ% T0al 846 o h
AL YT 71s =TIIITE —5%.037 =7 3TS 15,243 253
e A R vra 7Ts =ZToSTY —ST.TES =TT T3 867 Z52
{ 7785520 7T- =193 37.35E3 =T.337 TT37T 25T
‘ TZEYTSY 77> AP} 5Z739% =T.STE 10949 250
E IT3TTTST 77s =2C78TS ST EET S P14 T.920 249 ' fj
715375 AR =T5.73T TT.376 “T.T93 TITIE %S L}ﬁ
T8993 7T ST8.54¢ I PraL] =1.001 h YRR T % A Eﬁ

T I1836.12 71. -T7.724% 45175 -T.8%Z T T8 25 dds .?1

"
2T1672.30 7T, =To.56¢ “l7afl3 “v.dls 30575 de% )
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C-17&¢ 3 DEGREE MLS APPRTACH fa:
e CCMPOSITe CATA FILE CULQ2:C®CIFA.CSL.
CeCISION HEIGHT 2C0C FT
' STANCARD STATISTICS SUMMARY QE
' o
LONGITUDINAL BINS FCR FINAL APPROACH SEGMENT ;.r\
oA

ELEVATICN TCTAL SYSTeEm ZRRQOR (FT)

£

o

»

4 _-:
b _n‘:
OATA COLLECTED ANC PRCCESSED AT: N
THE FAA TECHNICAL CENTER B
ATLANTIC CITY AIRPORT, NJ (0840S ;“
FEET FROM  PGINTS NEAN STANDARG  SKEWNESS XKURTOSIS  BIN # o
THETA : DEVIATION .
L::"
21508.48 R —14.761 46.545 =5.747 8.476 244 ’
21344.67 71. -13.814 45.143 -C.66C 8.348 243 -
)
21180.85 71. -13.33¢ 4h.467 -0.621 7.962 242 o
PR

21C17.03 71. -12.76¢ (3.97¢8 =C.552 7.712 241 >
20853.21 71. -12.601 43.529 -3.623 7.147  24C Vs
20689.40 71. =12.786 43.639 <0.31§ 6.495 239 N
20525.58 71. -13.152 $3.554 =3.292 6.099 238 L
L
20361.76 71. =13.199 43.089 -0.27¢ S.478 237 o

e

20197.35 71. =13.045 42.7C7 -2.30C 4.580 236 }{

T

2C034.13 7. -13.07¢ “Z.153 -G.338 4.652 235 3

1987G. 31 7. -13.45¢ 4GC.982 -C.43¢C $.250 234 L
C19706.e 7. =137 19.81% -2.47C 3.95¢ 233 i
19522.068 7. —12.97¢ 38.050 =3.356 3,643 232 e

) T 19172.36 71. =11.350 Y25 7R -5 AR U - S & X R i“
LS |

19215.04 71. -13.524 S 16.252  -C.Zie 3,09 23C ﬁ:

.‘:\

T7051.22 71. -13.914 T30z Y 3.035 229 s
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CCHsZ,I7. ATA Sl PR = IR .
T TEIILITN mElanT N -
STANCARG: 7Aoo TIL co MWL
- T OULONGITUSINAL BIN, ETE EINA_ 82D 4 TE o mENT
- T ELEVATIAN 2%, 7v."cm c@aza (e~
o - i CATA COULEZTE: ANT 23:73,.,:7 -
THE FAA TEI=NwIlAL (iN7E3
ATLUANT DD ZITY AalRPZI27, N, “Ra

T FZEY Facw PCINTS ' MEAN STANCARC SREWNE G QUL R 3N 8
THETA )  SEVIATICN

18723.59 71. -14.281 33,600 S.asl RIS b

T18559.77 X I DA VA & S S S.938 1,529 22¢

733%3.5¢ 71 -13.3%¢ T35 C.t1% T % R

S ") C' R B P N - Soh 3.451 ile

4 "T8363.732 7T1. -Tc.¢8% IV 86T T TLETY €. 273 221

TTICL. ST 7T, Ch PR A TTICS IS e L TTY T

T77L9.69 T 7Y, TEYYLSIET T Ty TaeRrt 8,627 P

1757837 7 7V, =1T.3sST T T UTaL AT Tl «. 3732 N
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Y5 ZT.635 RAR =IC.<¢5C 3957 Teleew 8.3 3
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14757.7% 71, T T T=9.vEL LA PR I 6.72¢ s

TESIII7 B4 R L2 14y o .5 B (2 5,877 2T
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C=170 1 T:iEi: WUl 422RIAL= 7
(o™eooIvi TaTa €I i LUl;le03RaLC ‘L
SECISISN melamT i -5
- SYANZARD DYATooTITL T MMARAY o
a
.\"
LONGITUCINAL BIND FOR EINAL APPR7ATw GESMINT ~
.~
- ) - ; Cyeys - ) LS
ELEVATION TCTA. YLTZw ERRCR (FT)
o o
-
R R e
CATA CCULLEITES ANT PRCTESSET AT: i
THE Faa TECAMICAL (INTER j
ATUANTIC CITy AIRPCRY, Ny (8478 -4
e e e e e e e e e e L LT .. .
N
RN
EEEY FRAlW  PCINTS mE AN STANCARC TKEWNE S RLRTILIL BIn 8 e
ThETA CEvIATION s
N
“'
18256.55 71. 9.l 19.377 1.59% 5.%97 1 ®
1e122.52 71, -2.2%% 13,782 1.68¢ S R EPA R e
- . . . '
15938.7¢ 71. -7.811 16.96% 1.7 e IR AL .
e
13775338 7. ~7.81¢% T3.97¢ 1.79 7.577  ine A7
, "
1EE41. 30 . -7.881 19.8% 1.88« 3.139 o L
1%4a7.2% 7. -7.87¢ 13.921 2.77e LI Aot o7 "
AL B PP T B3 S04 ¥ MM L 1 P AL ST 34
15119.44 7. -3.20) FITE e P E IR .
.~'.‘J
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COMPC3ITE SATA FILE OUZ:CFC3FALCSL

77 DECISION mEIGHT g FT
STANCARD STATISTICS SUMMARY

LONGITUCINAL 8INS FOR FINAL APPRCACH SEGMENT
o ELEVATION TOTAL SYSTEM ERROR (FT)
T i nr e e e
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- ATLANTIC CITY AIRPCRT, NJ CB&4OQS
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T12e5.2¢0 73 -6.93¢ 38.760 7.931 10.628 196
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C-17<¢ 3 CZGkéz MLS APPRCACH
COMPOSITE DATS FILE QUZiCSC3FA.CSL. . !
CECISION REIGHT 230 FT —— )

STANCARD STATISTICS SUMMARY

IR

LONGITUDINAL BINS FOR FINAL APPRCACH SEGMENT

ELEYATICN TOTAL SYSTEM ERROR (FT)

P PV SN

DATA COLLECTED AND PRCCESSED AT:
YHE FAA TECHNICAL CENTER
ATLANTIC CITY AIRPCRT, NJ C8405
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" FE:ZT FROM  POINTS MEAN STANCARC  SKEWNESS KURTCSIS  BIN #
THETA CEVIATION _ _
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CECISION HEIGHT
STANCARD STATISTICS SuMMARY

200 FT

LONGITUDINAL B8INS FOR FINAL APPROACH SEGMENT

ELEVATION TOTAL SYSTEM ERROR (FT)

- e - - =& -

DATA COLLZCTED AND PRCCESSED AT:
THE FAA TECHNICAL CENTER

ATLANTIC CITY AIRPCRT, NJ CB4O0S

T FEET FROW  POINTS WEAN STANDARG  SKEWNESS KURTCSIS  BIN &

THETA DEVIATION
3LTT. 1T IS =1T1.227 20-508 G.469 L.284 16
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COMPCSITE DATA FILE
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3 DEGREE MLS APPRCACK
QU2:CFC3FALC5L

CECISICN HEIGHT

STANCARD

20C FY
STATISTICS SUMMARY

LONGITUCINAL BINS FOR FINAL APPROACH SEGMENT

ELEVATION TOTAL SYSTEM ERROR (FT)
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ST Coilecien ano PRoCEsses aT:
B THE FAA TECHNICAL CENTER _
ATLANTIC CITY AIRPORT, NJ C840S5
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STANDARD STATISTICS SUMMARY
ST T T T T T UONGITUCINAL BINS FOR FINAL APPRCACH SELMENT T
) T T AZIMUTH TCTAL SYSTEM ERRCR (FT) T
) h T T CATA COULULECTEC ANC PROCESSED AT: o
o THE FAA TECHNICAL CENTER N S
) ATLANTIC CITY AIRPORY, NJ 08405
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THETA B ) - NEVIATION e
2871357 7C. EEPEN 1¢1.003 Gelbld bo.6CH 27¢
75586.872 0. =27.9¢4 T 1eC.980 6.27:2 4.78C 2758

76473.3T

73.

7575V T3 T SES PRAT: TETIYS TOITS 773
28795.38 7T. -35.27% YTILOTY T OTLIH 5,211 TTR

{891,535

T ISTETTY

2TET3.M

- L -
- -‘,'n T
~ . .
-
A |
- v

0. -38.5707 I57.319° 0 TL.8SS S.28% reAN

T, SLC.55¢ TS5.%88 o ) Teao7 I7e

7C. ~6J.82% TS Y. 8V T.332 5.Y97 768%

T3, ~44.455 YT.667 T.877 T.ITY 243
TTrYTT. T T Rt D TRT: A i T A N2 D T T T T
las LA Tal,.eT4 LTRSS “.e7S RY

SR A A I IS PR RS

hae L. A P T.TTT 3.7 TEL

> R tre, 80 = v, :

e - - e e - s IO -

P A o

AT TR PRI




r R AR AR CLA LA LA LA RAR S ANl A g Gl g O Sab hn) Gd Vs Sad sl Al Al oug Aum oon . .
& B e e e s WK RT TR _‘d'.'v_’“";'g_w4_—-_;1'-{:-7“-__v-,—v
P
N
ny;
.t
.f
NG
e
, o N,
TC-17: 3 LT Rc: mML5 APPRZACK T~ - :
_ COMPOSLTE_CaATA FIE QUsCFCIFAGCSL . _ .  _  _ _ . [
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STANCART STATISTICS SUMMARY :q
Y
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"
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C-172 3 CEGR:Z MLS APPRCACH
COMPOSITE CATA FILE CU2:CSC3%a.CSL
CECISICN WEIGHT 230 FT

STANCARD STATISTICS SuMMaRrY

LONGITUDINAL 3INS FOR FINAL APPRCACH SEGMENT

AZIMUTH TCTAL SYSTEM ERRCR (FT)

- ST iTa CoLrecTEr ahs PReCESsES 4T —
o THE FAA TECANICAL CENTER
ATLANTIC CITY AIRPCRT, NJ (08405
FZET FROM POINTS MEAN STANCART SKEWNESS XKURTOSIS BIN #
THRETA DEVIATICN
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€~17¢ 3 CEGREE MLS APPROACH
COMPCSITE QATA FILE DUR:CFCIFAL.CSL
CECISION HEIGHT 200 FT

STANCARD STATISTICS SUMMARY

LONGITUDINAL BINS FOR FINAL APPRCACH SEGMENT

AZIMUTH TOTAL SYSTEM ERROR (FT)

DATA CCLLECTED AND PROCESSED AT:
THE FAA TECHNICAL CENTER

ATLANTIC CITY AIRPCRT, NJ 08405

FEET FROM  POINTS MEAN STANDARC _ SKEWNESS KURTOSIS BIN #
THETA DEVIATION
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C-17¢ 3 DEGREEZ MLS APPROACH
CCMPOSITE CATA FILE DU2:CFC3FA.CSL
CECISION HMEIGHT 200 FT

STANCARD STATISTICS SUMMARY

LONGITUDINAL 3INS FOR FINAL APPROACH SEGMENT

AZTMUTH YOTAL SYSTEM ERROR (F1)

DATA COLLECTEC AND PROCESSEC AT:
THE FAA TECHNICAL CENTER
ATLANTIC CITY AIRPCRT, NJ 08405

FEcT FROM POINTS MEAN STANDARC  SKEWNESS KURTOSIS BIN #
THETA DEVIATICN

18266.33 /T, ~35.417 11C.050 =-1.07C 6.684 212
16702.52 7. -33.698 107.048 -1.077 6.978 211
15938.70 7. -32.494 104.872 -1.10C 7.190 210
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- C-17: 3 CEGREE MLS APPRCACH ”
- COMPCSITE DATA FILE DU2:CFC3IFA.CSL )
DECISION REIGAT 200 FT .
STANCARD STATISTICS SUMMARY %
LONGITUDINAL BINS FOR FINAL APPRCACH SEGMENT ™
AZIMUTH TOTAL SYSTEM ERRQR (FT) L

""" T DATA COLLECTEC ARD PROCESSED AT: :5:
THME FAA TECHNICAL CENTER .
....... m e oo MTVANTIC TITY AIRPORT. NJ 08405 L .. '
FEET FROM POINTS MEAN STANDARC SKEWNESS KURTQOSIS BIN # ..:
THETA DEVIATION .:-:
13645.26 70. -26.693 117.243 ~0.256 3.389 196
13481.64 70. -26.735 116.716 ~0.235 3.398 195
13317.62 70. 27121 115.093 -0.203 3.343 194
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C-172 3 DEGREE MLS APPRCACH
: COMPOSITE DATA FILE QuUZ:CFC3IFA.CSL

CECISION HEIGHT 200 F7
STANCARD STATISTICS SUMMARY

WS> T WD 0

*a

e

,‘

LONGITUDINAL BINS FOR FINAL APPRCACH SEGMENT

AZIMUTH TOTAL SYSTEM ERRCR (FT)

NS FA

DATA COLLECTED AND PROCESSED AT:
THE FaA TECMNICAL CENTER

ST v,

ATUANTIC CITY AIRPCRT, NJ 08405
T FtEY FRON  PUINTS NEAN SYANTART SKEWNESS KURTQSTS BIN ¥
THETA DEVIATION
T1024.718 77, =L0.157 86,4877 -0.357 2.916 T8C
T0860.37 77. YRS 85.604 “C.447 3.1058 179
T0896.55 gv. “e1.57% BC.53¢ -0.36¢ 3.197 178
TO532.73 <y, =¢Z.3T¢ 75.553 -T.37¢ 78T 77
TCT3&88.V< £y, -83.507 76.37¢ ~-J.411 T.3% 176
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TCTLT.C3 Y. =L8.SEY Tal5& .11 J.7® 174
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95v.83 t9. -49.6C¢ 76.399 -C.786¢ 3.22¢C 171
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3228.39 §9. EEE S AL PT.eld =3 EN 1,389 1053
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C-172 3 CEGRZZ MLS APPRCACK 7

- _COMPCSITE CATA FIL: OCU2:CFC3FALCSL [
CECISION mEIGHT 200 FT A

STANCARZ STATISTICS SUMMARY i

- LONGITUOINAL BINS FOR FINAL APPROACH SEGMENT -
[

T AZIMUTH TOTAL SYSTEM ERRCR (FT) R

v

T T DATA COLLECTEC ANC PROCESSED AT: -

) THE FAA TECHNICAL CENTER -

ATLANTIC CITY AIRPCRT, NJ 08405 ’

"FEZT FRCM PCI MEAN STANDARC SKEWNESS KURTOSIS  BIN # :I;

THETA DEVIATION

-

»

8603.11 ~56.18¢ 76.580 -0.856 3.859 164 :

. S 823v.2y =57.47¢ 76,733 -0.897 3.880 163 .j
8375.47 ~58.654 77.319 -0.990 4.044 162 -

7911.66 -59.0712 77.152 -1.05¢C 4.154 161 »

l T 77 8 ~59.34¢ 76,257 =1.063 4.209 180 -
J ‘s
{ TTrsde 0 -60.05¢ 75.598 ~1.055 4.249 159 o
‘ 7420.21 T6C.674 74.189 T8.947 4.028 158 :
7256.39 =867.571T 72.788 <0.345 3.768 157 -

p - “:
b 7092.57 -53.4CA 72.182 -0.773 3.487 156 N
v\‘
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APPENDIX I
SAMPLE LANDING SEGMENT SCATTER PLOTS
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